Abstract. Medication-related osteonecrosis of the jaw (MRONJ) is a relatively
INTRODUCTION
M edication-related osteonecrosis of the jaws (MRONJ) is a severe adverse drug reaction, presenting clinically with bone necrosis and destruction in the maxillofacial area.
Jaw bone necrosis, associated with medication therapy is fi rst described by Ruggiero et al. in 2003 [1] . Within 12 months the authors identifi ed over 35 cases of patients with bone necrosis. All the initial patients had history of malignant disease (i.e. breast cancer, multiple myeloma, prostate cancer, lung cancer, uterine leiomyosarcoma, or leukemia), bisphosphonate (BP) exposure and no history of radiation therapy in the necrotic side. Osteonecrosis of the jaw (ONJ) is observed in approximately 5% of patients with multiple myeloma or bone metastasis (due to breast or prostate cancer) receiving high doses intravenous BPs [2] . BPs are classifi ed into 2 groups based on the presence in the molecule of an amino functional group: aminoBPs and non-aminoBPs. Intravenous BPs are applied in the treatment of skeletal-related events like bone metastasis from various solid tumors or bone lytic lesions in cases of multiple myeloma [3] . Oral BPs are used in the management of osteoporosis and Paget's disease [4] . Other medications associated with high risk of ONJ are anti-angiogenic drugs (bevacizumab, sunitinib, regorafenib, etc.) given alone or in combination with cytostatics or BPs and denosumab [5] . Denosumab is a human monoclonal antibody to the RANK (receptor activator of nuclear factor-κB) ligand, involved in the osteoclastic activity. Anti-angiogenic drugs are able to impede new blood vessels formation, via blockage of the angiogenesis signaling pathways. Two types of anti-angiogenic drugs are known: monoclonal antibodies capable to block the VEGF (vascular endothelial growth factor) receptors (i.e. bevacizumab) and molecules capable to block the protein/tyrosine kinase receptors via binding (i.e. sunitinib, regorafenib).
The fi rst defi nition of bisphosphonate-related osteonecrosis of the jaw (BRONJ) is described by the American Society of Bone and Mineral Research (ASBMR) as an area of exposed necrotic bone that can be probed through an intraoral or extraoral fi stula in the maxillofacial region and lasts for at least 8 weeks in patients, who have been exposed to BPs and having no history of radiation therapy in the affected area [6] . A major disadvantage of this definition arises with the various clinical cases of ONJ associated with medications non-classifi ed as BPs (anti-angiogenic drugs, denosumab, etc.). Therefore, in 2014 the American Association of Oral and Maxillofacial Surgeons (AAOMS) has suggested changing the nomenclature from BRONJ to MRONJ to accommodate the increasing number of jawbone necrosis cases due to antiresorptive (BPs, denosumab) and anti-angiogenic drugs [7] .
MRONJ usually occurs several years after the antiangiogenic and/or antiresorptive therapy has been withdrawn. Bone necrosis develops due to hypovascularity, hypocellularity and local tissue hypoxia. Long term follow-up of patients taking antiresorptive and anti-angiogenic drugs is obligatory.
The fi rst clinical case of anti-angiogenic related ONJ is reported in 2008 [8] . Other reports demonstrate necrotic bone exposure in the jaws resulting from other medications like steroids, chemotherapeutics, methotrexate, infections, trauma, etc. [9, 10] . We present 2 rare cases of patients with a clinical presentation of exposed necrotic bone in the maxillofacial area and history of non-antiresorptive therapy.
Case 1
In September 2018, a 42-year-old male patient was referred to our clinic with complaints of pain and swelling in the posterior left mandibular region. He had total nephrectomy for renal cancer in 2015. In January 2017 pulmonary metastases were reported and anticancer therapy was started. Sunitinib (25.0-50.0 mg daily) was given orally from March 2017 to October 2017. During this period a mandibular left wisdom tooth had been extracted. The patient visited our clinic a few months later with a non-healing extraction wound (Fig. 1) .
Intraorally we revealed an 10x8 mm area of exposed necrotic, sharp-edged bone and non-healing extraction wound distally to the left second mandibular molar. Suppuration and granulation tissue were observed. The remaining teeth in the oral cavity were stable.
We fi rst treated the exposed necrotic bone and the extraction wound conservatively for 5 weeks. On the second stage we performed sequestrectomy as soon as the necrotic bone was demarcated. Long term follow-up revealed no recurrence of ONJ and satisfactory postoperative results. The patient still visits our clinic every 3 months. 
Case 2
A 31-year-old male patient presented in our clinic with exposed necrotic bone on the hard palate. In September 2018 the patient was diagnosed with acute myelogenic leukemia. He had received 2 courses of chemotherapy with MitoFLAG (Fludarabine, Arabinofuranosyl cytidine and Granulocyte colony-stimulating factor). During the second chemotherapy a painless, red and relatively fast-growing lesion appeared spontaneously on the hard palate, followed by bone exposure. The patient had no history of trauma in the oral cavity and on the hard palate in particular.
On the fi rst clinical examination we found 3 x 2.6 cm necrotic bone on the hard palate with no symptoms of pain, suppuration or bleeding (Fig. 2) . We recommended conservative treatment with systemic antibiotics and chlorhexidine for topical application, as well as a good oral hygiene. After the total demarcation of the necrotic bone we performed sequestrectomy -the sequester consisted of part of the hard palate and the nasal septum. A palatal obturator was used to occlude the oro-nasal communication.
DISCUSSION
Despite the favorable outcomes with bisphosphonates therapy and anti-resorptive drugs, their application is associated with a high risk of complications that impair the quality of life. The main clinical symptoms of MRONJ are swelling, exposed necrotic bone, suppuration, halitosis, sequestration, fi stulization, etc. [11] . MRONJ may evolve spontaneously or may result from invasive dental surgical procedures (i.e. tooth extraction, dental implant placement, incision). MRONJ is a relatively rare complication in osteoporotic patients taking antiresorptive drugs orally. In cancer patients with bone metastases, where BPs are used intravenously at higher doses in shorter intervals, the incidence of MRONJ is signifi cantly higher. MRONJ is known to be related to the dose and the duration of exposure. A highly aggressive course of the disease is observed in patients with severe additional systemic diseases (i.e. rheumatic arthritis) [12] .
Currently the data about the risk of MRONJ associated with anti-angiogenic drugs and chemotherapeutics is still insuffi cient.
Evidence suggests the anti-angiogenic eff ect of BPs as a key role in the development of MRONJ [13] . Thus, the adverse side eff ects of BPs on the tissue regeneration seem to be similar to the eff ects of the anti-angiogenic drugs. The formation of new blood vessels in tissues is controlled by the balance between pro-and anti-angiogenic factors. Vascular endothelial growth factor (VEGF) is an essential element for optimal progression of angiogenesis and neo-angiogenesis during the embryonic development, skeletal growth, and reproduction. VEGF also participates in the pathological neo-angiogenesis of tumor growth and metastasis [14] . Increased expression of VEGF in tumor cells is a poor prognostic marker [15, 16] . VEGF and it's receptors (VEGF-R) are the main targets for multiple tyrosine kinase inhibitors, MAP-kinase modulators, and VEGF-signaling pathway modulating drugs [17] . Anti-angiogenic drugs are capable of interfering with VEGF's activity. Angiogenic inhibitors are more recently introduced in the clinical practice and are becoming a part of the antitumor therapy in patients with breast cancer, colorectal cancer, lung carcinoma, renal tumors and glioblastoma multiforme [18] . Based on their mechanism of action, three groups of anti-angiogenic drugs are well-known nowadays: anti-VEGF monoclonal antibodies (bevacizumab), medications, capable to directly block VEGF-R (afl ibercept) and tyrosine-kinase inhibitors (sunitinib, sorafenib) [19] . Our research is tightly concentrated on the mechanism of action of the anti-angiogenic drugs, the side eff ects and risk of jaw bone necrosis during or after their application in cancer patients.
Bevacizumab is a monoclonal antibody capable to block VEGF-molecules, as it interferes with their binding to VEGF-R [19] ; thus it inhibits the neo-angiogenesis, tumor growth and metastases [20] . Bevacizumab is the fi rst anti-angiogenic drug approved for clinical use by the Food and Drug Association (FDA). It is often prescribed to patients with renal carcinoma, colorectal carcinoma, lung carcinoma, etc. [19] . Common adverse side eff ects during or after bevacizumab therapy are thromboembolism, hypertension, hemorrhage, impaired wound healing [8, 18, 19] . There are reports in the literature about ONJ related to bevacizumab, with the fi rst clinical case described by Estilo et al. in 2008 [8] . In their study bevacizumab 
Eight weeks after the 6th application of bevacizumab a necrotic zone had been observed. Total recovery of the necrotic bone was achieved once the medication had been withdrawn and chlorhexidine was applied. However, the authors reported newly formed zones of necrotic bone within the next couple of weeks. At the same time another case of a patient taking bevacizumab resulting in a non-healing extraction wound and ONJ on the upper jaw was published [21] . All the reported cases of ONJ in patients taking bevacizumab [8, 21, 22, 23, 24, 25, 26] reveal that cessation of the anti-angiogenic drug in combination with antibiotics with or without surgical debridement promote healing in the necrotic tissues. In some of the reported cases, surgical procedure with bone exposure (i.e. tooth extraction) precedes ONJ [21] , but spontaneous necrosis is commonly found. However, long term follow-up is required to avoid local complications and newly formed necrotic zones.
It has been reported that bevacizumab as a monotherapy is not associated with the development of MRONJ in the jawbone [26, 27] . According to the authors, bevacizumab may cause MRONJ only if taken in a combination with BPs. It is reported in the literature that bevacizumab in combination with BPs increases the risk of spontaneous ONJ with 2-2,4% [28] . According to a meta-analysis the risk of spontaneous ONJ in patients taking bevacizumab as a single therapy and bevacizumab in a combination with BPs is 0,2% and 0,9%, respectively [23] . The risk of necrosis is signifi cantly increased in patients with history of trauma or other invasive procedures in the oral cavity and the maxillofacial region. The increased risk of MRONJ due to bevacizumab therapy is probably related to the compromised vascular wall integrity and insuffi cient angiogenesis in the tissues. Blockage of the VEGF's active molecule results in: suppression of the of endothelial cells' mitotic activity of the blood vessels, increased vascular permeability and local tissue hypoxia [23] . However, the data is currently insuffi cient and further research is required to have a solid statement about the risk of developing spontaneous ONJ in patients taking bevacizumab monotherapy.
Cases of spontaneous osteonecrosis (non-induced by trauma or surgery) in other parts of the body (hips, shoulders), in patients treated with bevacizumab have been reported in the literature [29, 30] . According to the authors, the incidence of spontaneous osteonecrosis outside the maxillofacial region following treatment with anti-angiogenic drugs is 4 per 1 000 patients [30] . The number of these cases is expected to increase as bevacizumab and its analogues have become commonly prescibed to cancer patients.
Other anti-angiogenic drugs are considered to be associated with increased risk of MRONJ (regorafenib, sunitinib, sorafenib) [31, 32, 33] . Sinutinub is an orally administered medication, classifi ed as a tyrosine-kinase inhibitor, capable to suppress tumor cell proliferation and neo-angiogenesis, as its molecule inhibits the action of VEGF. It results in signifi cant reduction of the tumor size. The most common side eff ects of sunitinib are fatigue, diarrhea, nausea and vomiting, heartburn, taste changes, hypertension (high blood pressure), low blood counts, skin discoloration, fever, bleeding, etc. These adverse eff ects could be sometimes managed with dose adjustment and no discontinuation of the therapy is needed.
The fi rst clinical case of sunitinib related ONJ is described by Koch et al. (34) . They report a case of 59-year-old patient with nephrectomy due to renal carcinoma and soft tissue metastases. At fi rst the patient had taken interferon and vinblastine and when the relapse occurred the medication prescribed was sorafenib later replaced by sunitinib. ONJ was observed 1 year after the initial therapy with sunitinib. The patient is having no history of BPs or other antiresorptive drugs intake. Argillo et al. [35] reported 2 cases of patients with renal carcinoma, lung and bone metastases taking combined chemotherapy, together with zoledronic acid and sunitinib. In the fi rst case painful swelling on the right maxilla and oro-antral communication appeared. A couple of months after surgery bone exposure and suppurative infection extended to the sphenoidal sinuses were observed. In the second case painful swelling, spontaneous bone exposure and teeth instability appeared on the lower jaw, followed by sequestration and a pathological fracture.
We assume that sunitinib exposure puts the patient at risk of jawbone necrosis. The risk of ONJ is expected to signifi cantly increase when sunitinib is given in a combination with BPs. However, in case 1 our patient presented with jaw necrosis after tooth extraction and we found no other risk factors except for sunitinib given as a single therapy for lung metastases. We may conclude that anti-angiogenic drugs are capable to cause osteonecrosis when given alone. On the other hand we noticed that the ONJ in this case is selflimiting and relatively easy to manage with antibiotics, antiseptics and minor surgery, without any high risk of recurrence.
Chemotherapy taken by a wide range of patients with various neoplasms, usually impairs both the cellular and humoral immune response and destroys rapidly proliferating cancer cells, as well as normal cells with short cell cycles (rapidly-dividing), i.e. bone marrow cells, epithelial cells, etc. In 1982 Schwartz [36] reported 2 unusual cases of osteonecrosis in edentulous patients with immune-compromised host defense due to cancer chemotherapy. Both patients developed mucosal infection beneath their dentures followed by bone necrosis. Infl ammatory complications are expected in patients receiving BPs and/or chemotherapeutics due to malignancy. In most of the clinical cases, MRONJ occurs after a surgical procedure, like tooth extraction. It's been reported that tooth extraction precedes ONJ in 61.8% of the cases [37] . However, we report a case of a patient with spontaneously ocurring necrosis on the hard palate, related to combined chemotherapy for acute myeloblastic leukemia. Infl ammatory complications, like redness, swelling, suppuration, enlarged regional lymph nodes, were not observed during the patient's stay in our clinic and thereafter. We noticed the fact that the bone necrosis in this case is less aggressive and self-limiting when compared to MRONJ associated with BPs. However, the susceptibility of the bones to severe infections in patients who are receiving cytotoxic drugs is established.
The risk of MRONJ could be decreased or even eliminated when detailed inspection and assessment of the patients' oral status and total sanation of the oral cavity are conducted prior and during the treatment with monoclonal antibodies, anti-angiogenic drug and chemotherapeutics. [38] . Teeth susceptible to infl ammatory complications should be extracted 14-21 days prior to the medication therapy and the oral status should be monitored every 3 months during the fi rst 2 years of onset of therapy and twice a year thereafter [38] . Cessation of the alcohol consumption and smoking is strongly recommended when reduction of the osteonecrosis risk is needed. At this point, the evidence is scarce (only single clinical cases are reported) and more systemic studies are needed for the better assessment of the risk of medication-related complications in cancer patients taking monoclonal antibodies and tyrosine kinase inhibitors.
The above mentioned cases illustrate the susceptibility of the jaw bones to infl ammatory complications and osteonecrosis in patients receiving chemotherapeutic drugs. The treatment of choice we recommend is more conservative with a broad spectrum antibiotics and surgical debridement of the aff ected jaw bone, as well as sequestrectomy after the total demarcation of the necrotic bone. We strongly recommend avoidance of extensive surgical procedures when the necrotic bone is non-well demarcated. The patients should be aware of trauma and injuries leading to bone exposure.
CONCLUSION
MRONJ is nowadays one of the most common pathologies in the maxillofacial region. The number of the case reports in the literature, of patients with ONJ showing no other cause but previous anti-resorptive and anti-angiogenic therapy due to cancer and bone metastasis is constantly increasing. However, systemic studies on MRONJ associated with chemotherapeutics, sunitib and its analogues are still insuffi cient. At this stage, it can certainly be concluded that prophylaxis, enhancement of the health culture and oral hygiene of patients reduce the risk of MRONJ. With the increased number of patients taking anti-resorptive and anti-angiogenic drugs, the cases of patients having complications like jawbone necrosis, swelling, suppuration, fi stulization, etc. is expected to progressively expand. Long-term monitoring and care of patients taking anti-resorptive and anti-angiogenic therapy is required.
The purpose of our study is to review adequate information about the risk of MRONJ in the maxillofacial region and to compare the severity of the symptoms and clinical presentation of ONJ in patients on anti-angiogenic drugs and combined chemotherapy. Based on what we found in the literature and our clinical experience we see signifi cant diff erences in the clinical course, progression and the outcomes of jawbone necrosis, related to BPs, monoclonal antibodies, anti-angiogenic drugs and chemotherapy. Monoclonal antibodies and antiresorptive drugs are associated with a risk of much more aggressive ONJ when compared with chemotherapy and sunitinib given alone. Therefore, the treatment and the prognosis of patients with MRONJ should be individually estimated and conducted.
